Tropical birds are purported to be longer lived than temperate species of similar size, but it has 25 not been shown whether avian survival rates covary with a latitudinal gradient worldwide. Here, 26
INTRODUCTION
Aves, a class represented by around 10,000 species, display a broad diversity of morphologies as clutch size (Karr et al. 1990; Faaborg & Arendt 1995; Johnston et al. 1997; Peach et al. 2001;  northern and southern latitudes equivalently (Jetz et al. 2008; Muñoz et al. 2018; Terrill 2018) . 95
However, this assumption may not always be met, since latitude itself does not directly influence 96 organisms per se; rather, environmental factors that covary with latitude (i.e., temperature, 97 precipitation, seasonality) exert selective pressures on life history traits. For example, although 98 there exists a global latitudinal gradient in clutch size (Cardillo 2002; Jetz et al. 2008) , this trend 99 is dampened in the southern hemisphere-south temperate species lay smaller clutches than 100 those in the north temperate hemisphere (Yom-Tov et al. 1994; Martin 1996; Evans et al. 2005) . 101
Consistent with this pattern, south temperate birds in Africa also tend to be longer lived than 102 their north temperate European counterparts (Lloyd et al. 2014) . This hemispheric asymmetry 103 may in part be due to differing climatic conditions between northern latitudes and equivalent 104 southern ones. Namely, south temperate latitudes are less seasonal and have higher minimum 105 winter temperatures, both of which have been hypothesized to decrease adult mortality and lead 106 to smaller clutch size (Ricklefs 1980; Martin 2004) . Similarly, clades and their intrinsic traits that 107 may influence survival rates are also distributed nonrandomly across environmental gradients 108 historical events related to a species' lineage. 114
Because previous analyses of the latitudinal gradient in survival have focused on the north-temperate / tropical model (Martin 2004; Muñoz et al. 2018) and have relied on a narrow group of taxa, our current perspective of the biological underpinnings of the geographic variation 117 in survival rates remains somewhat limited. Here, we present data on survival rates for 679 118 species of landbirds gathered from across the globe (Fig. 1) . The purpose of our meta-analysis 119 was to test the relative importance of latitude and extrinsic climate factors (temperature, 120 precipitation, and seasonality) in explaining geographic patterns of avian survival rates, and to 121 ask whether including intrinsic traits (body mass, clutch size, migratory habit) improved model 122 predictions. Specifically, we ask: (1) Is there a latitudinal gradient in adult survival and, if so, are 123 there differences between hemispheres? (2) Do climate measurements (extrinsic factors) explain 124 differences in survival rates as well as latitude? (3) Do intrinsic traits explain additional variation 125 in species-level survival rates? We tested for these relationships in both nonpasserines and 126 passerines and between Old World and New World birds from island and mainland populations. 127
By integrating data on macroecological processes with comparative biology, our modeling 128 approach provides a powerful tool for understanding the diversity of life histories that have 129 evolved across the globe. 130 'mortality', 'vital rate', or 'demography', and 'bird' or 'avian'. Our initial survey resulted in over 140 2000 publications. We then screened titles and abstracts of publications and considered them for 141 final inclusion in the meta-analysis if they met the following criteria: (1) the study provided 142 estimates of adult survival, not juvenile or nestling, at the species level. (2) The species studied 143 was not pelagic. (3) The study did not include harvested or captive-bred populations, whose 144 survival rates may not reflect those experienced under natural conditions. (4) Survival rate was 145 estimated on the breeding grounds (i.e., we did not include estimates from studies of over-146 wintering or migratory stopover sites). (5) The data were collected from marked populations of 147 birds to estimate apparent or true survival using one of three methods: live-recovery/resight 148 models, dead-recovery models, or more complex models that used a combination of these two 149 approaches. (6) The study was conducted for at least 3 years, which is the minimum number of 150 occasions needed to estimate the probability of encounter (p) from live-encounter data 151 (Sandercock 2006 we also required that (7) the estimate of survival included data from both males and females. In 153 cases when studies had overlapping data, we retained the publication that presented the most 154 information (i.e., had more precise estimates or used a larger dataset). This second review 155 narrowed the window of appropriate publications to 319. However, many of these papers did not 156 report measurement error on survival rate, which is required to weight individual effect sizes in 157 meta-analyses. Our final dataset therefore consisted of 246 publications (Appendix 1), which we 158 examined in detail and extracted relevant data. 159
For each publication, we extracted information on species' annual survival rates and their 160 standard error. Some studies (e.g., Collingham et al. 2014) presented standard error of logit survival. In these cases, we used a first order Taylor expansion to approximate precision. When the same study provided separate estimates for males and females, or where estimates were made 163 for different time periods, ages of adult birds, or circumstances (e.g., successful breeders vs. 164 unsuccessful, brood parasites present vs. absent) we took the geometric mean of those estimates. 165 When estimates were available from different habitat types within the same study (e.g., logged 166 vs. unlogged forest), we took the geometric mean of those estimates, provided that the study 167 found no significant differences between groups. If group estimates were reported as 168 significantly different, we chose the estimate from the control group for our analysis. We also 169 recorded information on publication identity, species identity and the method used to estimate 170 adult survival. 171 172
Calculating the latitudinal gradient and global climate data 173
In order to assess the relationship between survival and latitude, we recorded the geographic 174 coordinates for each species in each study from information provided in the paper itself or by 175 locating the study area on Google Maps (google.com/maps). For 26 studies that measured 176 survival over broad spatial scales, such as at the national or continental level (e.g., the MAPS 177 dataset; DeSante et al. 2015), we calculated the centroid of the breeding range for each species 178 within the area specified by the study with occurrence data extracted from eBird using the R 179 package auk (Strimas-Mackey et al. 2018). This allowed us to estimate a unique latitude and 180 longitude for the centroid of each species' realized breeding range rather than simply selecting an 181 unweighted point in the study area itself. For each target region, we extracted eBird observations 182 submitted over the last 15 years during the breeding period (May 1-August 8 for birds from specify that all species seen or heard are reported), which allowed us to identify implicit non-186 detections for each species, and by stationary counts <24 hours, traveling counts <25 km, and 187 area counts within a circle of radius 25 km. We then overlaid the eBird checklists with a 25 km 188 equal-area raster grid and calculated the frequency of occurrence of each species on checklists 189 within each grid cell. We took a weighted average of the grid-cell centers, using the species 
Clutch size, body mass, and migratory behavior at a global scale 204
To test additional hypotheses of intrinsic factors that may explain global patterns in avian 205 survival rates, we collected data on body mass, clutch size, and species' migratory habit. We migratory. We considered migratory species to be those that regularly undertook seasonal 212 movements >100 km (i.e., short-and long-distance migrants). While some species do not clearly 213 conform to this dichotomy, it is useful way to contrast important sources of mortality that could 214 influence survival rates. 215 216
Statistical analysis 217
Before conducting analyses, we log10 transformed mass and clutch size due to skewness, and 218 scaled latitude and climate data to z scores by subtracting their mean and dividing by their 219 standard deviation. Most variables were weakly correlated, although both measures of 220 temperature reached Spearman rank correlations >0.75 (Table S1 ). To estimate adult survival 221 rates along the latitudinal gradient, we used a multi-level meta-analytical framework using the 222 metafor package (Viechtbauer 2010), which fits random and fixed effects models, weighting 223 effect sizes by the inverse of their squared standard error. For each model developed, we 224 accounted for sources of non-independence in our dataset that can arise when multiple survival 225 estimates are extracted from the same study, are available for the same species, and / or due to 226 common ancestry, by fitting publication identity, species identity, and phylogeny as random 227 intercepts. To incorporate phylogeny, we used a majority rules consensus tree derived from a set 228 of 1,000 randomly-selected trees based on the global phylogeny of birds (Jetz et al. 2012), and 229 pruned to our study taxa ( Fig. S1 ) with the package phytools (Revell 2012) . We then used the branch length from this consensus tree to specify values for the model variance-covariance matrix. We performed all statistical analyses in R environment 3.5.0 (R Core Team 2019). 232 233
Meta-analyses and meta-regressions 234
We first ran a random effects only model on the entire dataset using the rma.mv function to 235 estimate a pooled effect size of global avian survival rates. Given potential differences in 236 selection pressures experienced by nonpasserines vs. passerines, species from Old World 237 (Afrotropics, Indomalayan, Palearctic) vs. New World (Neotropics, Nearctic) biogeographic 238 realms (Olson et al. 2001) , and island vs. mainland bird populations, we also evaluated separate 239 meta-analytic models using effect sizes for these six data subsets. We considered point estimates 240
to be different from one another if their 95% confidence intervals (CI) did not overlap. We 241 quantified total heterogeneity of each dataset by calculating Cochran's Q and the I 2 statistic 242
(Higgins & Thompson 2002). 243
We conducted meta-regressions (meta-analyses incorporating explanatory variables, 244 hereafter referred to as "moderators") whereby we determined the effects on species-specific 245 adult survival rates of (1) latitude, (2) extrinsic climatic factors, and (3) intrinsic traits in 246 accordance with hypotheses described from the primary literature. We began by comparing fit of 247 a latitude-only model (Latitude), where regression slopes varied between hemispheres, to single-248 predictor linear models testing the influence of moderators on adult survival rates (Table S2 ). We 249 with the moderator that had the lowest AICC value, we sequentially added the next strongest moderator until AICC was no longer improved. We considered the model that minimized AICC 254 the most appropriate if it had fewer parameters and was at least 2 AICC less than the next most 255 competitive model (Arnold 2010 ). All of the intrinsic moderators we assessed improved model 256 fit (Table S3 ) and were carried forward to the next step of model development. Tempseasonality 257 provided the best model fit for extrinsic moderators; neither annual precipitation nor winter 258 temperature improved AICC values during construction of the multi-predictor extrinsic model. 259
We repeated analysis of the joint extrinsic / intrinsic model for each of the six data subsets. 260 261
Sensitivity analyses and publication bias 262
To test whether our results were sensitive to differences in the study method used to estimate 263 survival, we fit additional models with study type as a moderator. We also repeated analyses 264 comparing separate datasets for effect sizes where we used package auk to calculate the 265 geographic coordinates versus those where we did not, and again using only those studies that 266 reported survival estimates for less than 10 species, and those that were conducted for a 267 minimum of 10 years. We tested for publication bias of the entire dataset, which can result from 268 selective publication of favorable or statistically significant results, by visually assessing 269 asymmetry of funnel plots. 270
271

RESULTS 272
Our final dataset consisted of 1004 effect sizes that we extracted from 246 publications for 679 273 species ( Fig. 1 ; Appendix S1). The majority of effect sizes (82%) came from passerine birds, and 274 effect sizes obtained from the New World biogeographical realms (282 Nearctic and 297 hemisphere (n = 681) compared to the southern hemisphere (n = 323). The majority of effect 279 sizes reported per study was 1 (geometric mean = 1.6, SD = 12.4) and multiple estimates for the 280 same species were available from different studies for 168 species, accounting for 49% of all 281 effect sizes included in the analysis. 282 283
Meta-analytic means and the relationships between intrinsic and extrinsic variables 284
The meta-analytic mean calculated for the full dataset was 0.66 (95% CI = 0.48 to 0.85; Table  285 S4). This represents the overall global mean survival rate for all birds included in our analysis. 286
The joint model explained variation in survival well ( Fig. S3 ; xObserved = 0.40 + 0.38 (residual 287 standard error = 0.07) xPredicted; F1,1004 = 738.6; adjusted r 2 = 0.42). When we estimated separate 288 meta-analytical means for the six data subsets, we found similar values with overlapping 95% 289 confidence intervals between the global mean and mean effect sizes calculated for nonpasserines 290 vs. passerines, Old World vs. New World biogeographical realms, and estimates from islands vs. 291 mainland birds ( Fig. 2 ; Table S4 ). In addition, all models had values of P<0.0001 for QE and 292 I 2 >90%, which indicated that substantial heterogeneity remained unexplained among studies and 293 warranted our subsequent step of evaluating moderator variables. 294
We found evidence supporting the hypothesis of a latitudinal gradient in survival, and 295 this effect was most apparent in the northern hemisphere (Figs 3 and 4). When we examined 296 model predictions from a single-predictor model of latitude over the entire dataset, survival 297 decreased by 2% for every 10° increase in latitude for species in the northern hemisphere 298 compared to a <1% decrease for southern hemisphere species (Fig. 3A) . Similarly, estimates from the joint model based on the entire dataset showed a significant negative effect of latitude 300 on survival for northern hemisphere species (β = -0.039, 95% CI = -0.072 to -0.006), but not for 301 those inhabiting the southern hemisphere (β = -0.004, 95% CI = -0.026 to 0.019; Table 1) . 302
Driving this global trend at northern latitudes were significant negative point-estimates for 303 passerine birds (β = -0.064, 95% CI = -0.103 to -0.025) and species / populations from the 304 mainland (β = -0.046, 95% CI = -0.080 to -0.012; Fig. 4 ). In contrast, effect sizes calculated for 305 southern latitudes were smaller and the overall slope of the meta-regression line of the global 306 model was shallower compared to the northern hemisphere (Figs 3A and 4). Only New World 307 species (i.e., birds from South America) showed a significant negative association with latitude 308 (β = -0.055, 95% CI = -0.090 to -0.021; Fig. 4 ). Of the extrinsic climate moderators we 309 considered, temperature seasonality was the most competitive within our AIC model selection 310 framework (Table S2 and S3), although only marginally so compared to minimum winter 311 temperature. Regardless of which climate moderator was used in the joint model, the effect 312 calculated over the global dataset was nonsignificant ( Fig. 3B ) and all other data subsets had 313 effect sizes close to and confidence intervals overlapping zero. 314
In general, the relationship between survival and intrinsic life history characteristics was 315 stronger than those of either climate or latitude (Table 1 ; Fig. 4 ). Effect size estimated from the 316 global model was positive for mass (β = 0.053, 95% CI = 0.043 to 0.063) and negative for clutch 317 size (β = -0.101, 95% CI = -0.128 to -0.074), which means that avian survival was higher for 318 larger birds and for those with smaller clutch sizes ( Figs 4C and D) . With the exception of mass 319 for island species, similar results for both moderators were found for all data subsets, supporting 320 the previously well documented relationship between mass and clutch size and survival (Fig. 4) . 321
When we included migration as a moderator in the meta-regression on the full data set, the effect size was small and positive, with confidence intervals marginally overlapping zero (β = 0.016, 323 95% CI = -0.005 to 0.039; Fig. 3E ). Although the relative effect of migration varied some 324 between data subsets, all but Old World birds (β = 0.037, 95% CI = 0.004 to 0.070) had 325 confidence intervals that included zero, suggesting higher survival for nonmigratory birds in 326
Africa and Asia (Fig. 4) . 327 328
Sensitivity analysis 329
When we estimated mean survival for effect sizes calculated from studies using capture-mark-330 recapture methods, dead recovery methods, or complex models that integrated a combination of 331 these two approaches, we found point estimates were not distinguishable from the overall mean 332 ( Fig. 5) . Similarly, when we removed data where we used the package auk to calculate latitude 333 and longitude, or when we removed the 22 studies reporting estimates for >10 species (which 334 accounted for nearly 64% of all effect sizes) the results were qualitatively similar to the global 335 mean survival rate based on the entire dataset ( Fig. 5 ). We found no indication of publication 336 bias after examining symmetry of funnel plots (Fig. S4) . 337 338 DISCUSSION 339
Global-scale patterns of avian survival with latitude 340
We found support for the oft-toted latitudinal-survival gradient, but this depended on both the 341 geographic area and taxa being considered. Specifically, we demonstrate that the previously 342 noted inverse relationship between latitude and survival is borne out across northern hemisphere 343 avifauna overall, and that this effect is strengthened when considering only passerines or species 344 inhabiting the mainland (Fig. 4) . In contrast, the relationship was only evident in the southern hemisphere for survival estimates from New World birds (Fig. 4) , the vast majority of which higher survival with decreasing latitude in either hemisphere. Overall, our meta-analysis reveals 348 that while some tropical birds may be longer lived than their temperate counterparts, the shape of 349 the latitude-survival response is likely to differ among species and between hemispheres. of habitats, which we investigated using a maximum-likelihood approach. We also fit regression 362 lines for latitude both north and south of the equator rather than testing the relationship between 363 survival and absolute latitude. This latter point is particularly important, given that one general 364 explanation for spatial patterns in life-history traits is that they arise from natural selection 365 documented. The global patterns we identified are also congruent with the idea of a differential 375 response of life-histories between hemisphereswe detected an inverse relationship between 376 survival and latitude in the northern hemisphere but found little indication that this association 377 was mirrored by southern hemisphere species overall. Only when we analyzed biogeographic 378 realms in the southern hemisphere separately did we find that New World birds showed higher 379 survival with decreasing latitude. This pattern is deceptive, however, since southern hemisphere 380 nonpasserines account for little more than 1% of the effect sizes analyzed in the New World data 381 subset. We therefore interpret this result as evidence of the latitudinal-survival gradient in South 382
American passerines. This means that for Old World birds, tropical species had similar survival 383 rates to birds from the austral zone, and this was likely to be true regardless of whether they were 384 passerines or nonpasserines. Survival estimates from Australasia and Oceania, biogeographic 385 realms not traditionally included in the New / Old world classification, also reflected this same 386 pattern and showed no evidence of a negative relationship with latitude. 387 
Influence of Climate on Survival 407
Our results suggest that temperature seasonality, at least at the resolution at which we examined 408 it, is a poor predictor of avian survival. Indeed, latitude-only models out performed single-409 predictor models of extrinsic climate factors for each of the moderators we considered by a 410 minimum of >8 ΔAICC (Table S2 ). Although temperature seasonality was not significant, our 411 finding of higher survival in the southern hemisphere, but only for New World birds is in 
Intrinsic traits mediate variation in the latitudinal survival gradient 429
We find that the association between body mass and survival and reproduction and survival -430 two of the cornerstone trade-offs of life history theory (Stearns 1992 )are well supported by 431 our meta-analysis, suggesting higher survival for larger birds and those with smaller clutch sizes 432 ( Fig 3C and D) . Notably, when mass and clutch size were included in the joint model, the 433 strength of the latitudinal survival gradient was diminished (Table 1; Fig 3) . In contrast, we 434 found the addition of migratory habit to be generally negligible (Fig 3) . These results highlight 435 the importance of considering the interplay between intrinsic and extrinsic variables when 436 investigating macroecological processes. Latitude of course influences many aspects of avian life Additionally, median body size also decreases systematically within species-rich communities, 440 such as those characterized at many tropical latitudes (Olson et al. 2009 ). Combined with these 441 findings, our results are in accordance with the theory of a slow-fast life-history continuum 442 Adult survival estimates are affected by several methodological caveats that we consider here. 449
First, a general problem with comparing survival studies is that differences between estimates 450 derived from old versus new methods and between live recaptures and dead recoveries may mask 451 trends in the data (Roodbergen et al. 2012 ). Our dataset consisted primarily of studies that used 452 live capture-mark-recapture techniques (83% of effect sizes) and most of these were conducted 453 since 2000; nearly all studies were conducted after 1990 when modern statistical tools for 454 analyses of marked animals were developed (Lebreton et al. 1992 ). One of the drawbacks of 455 capture-mark-recapture data is that the reported metric, apparent survival, is a product of true 456 survival and site fidelity and as such will always be biased low, whereas estimates of survival 457 from dead recovery models are often interpreted as true survival (Sandercock 2006) . Biases in 458 survival estimates may therefore be strong for birds from tropical regions, which consisted 459 exclusively of live-recapture data, and where behaviors such as altitudinal migration are more common than in temperate regions (Barçante et al. 2017 ) and can lead to permanent emigration 461 from study plots. Another issue affecting the comparison of survival studies is the study duration. 462
This, too, may be particularly problematic for tropical regions, where data collection is often 463 hampered by sampling conducted over irregular or insufficiently long intervals to produce robust with the comparability of the data, we found no indication that difference in methodological 473 approaches strongly biased our results (Fig. 5) . 474
CONCLUSION 476
Based on a global-scale synthesis of avian survival rates, we find evidence that survival increases 477 with decreasing latitude, but that this phenomenon is more nuanced than previous descriptions 478 have characterized. Specifically, we demonstrate that the latitudinal survival gradient is stronger 479 in northern hemisphere species, where climate seasonality may be greater. By including aspects 480 of species life history characteristics in our models, we could explain a greater portion of the 481 variation in survival rates than with latitude alone. These results indicate the importance of 482 considering an organism's intrinsic traits as well as the extrinsic factors of their environment when describing broad-scale macroecological patterns. Where peaks in survival occur, how they relate to climatic variables, and how these patterns are likely to change through time and space 485
given the effects of climate change, are of major importance for conservation. We hope that in 486 assembling this database and dissecting some of the global patterns in survival across avian 487 groups and hemispheres, we can provide a platform for future work to target underrepresented 488 regions and taxa and also make a clear path forward to better understanding variation in survival 489 rates, and how it intersects with other life history traits across the world's avifauna. (Table 1) . Dashed lines represent the 706 best linear fit based on model predictions estimated from single-predictor meta-regression 707 models in metafor with 95% confidence intervals plotted as solid lines. Point sizes reflect the 708 inverse of the standard error used to weight data points (i.e., more precise estimates appear as 709 larger points). 
